A microfluidic islet perifusion device was developed for the assessment of dynamic insulin secretion of multiple islets and simultaneous fluorescence imaging of calcium influx and mitochondrial potential changes. The device consists of three layers: first layer contains an array of microscale wells (500 μm diameter and 150 μm depth) that help to immobilize the islets while exposed to flow and maximize the exposed surface area of the islets; the second layer contains a circular perifusion chamber (3 mm deep, 7 mm diameter); and the third layer contains an inlet-mixing channel that fans out before injection into the perifusion chamber (2 mm in width, 19 mm in length, and 500 μm in height) for optimizing the mixing efficiency prior to entering the perifusion chamber. The creation of various glucose gradients including a linear, bell shape, and square shapes also can be created in the microfluidic perifusion network and is demonstrated. [NOTE: do not hold the wafer with tweezers after spinning SU8] 3. Soft bake the wafer at 65°C for 20 min and at 95°C for 50 min. 4. The wafer is exposed to UV light through a desired mask. Dose for 150 μm height is 650 mJ/cm 2 . 5. Post exposure bake the wafer at 65°C for 1 min and at 95°C for 12 min. 6. Develop the wafer in SU8 developer for 15 min.
Mouse islets were perifused with a linear gradient of 2-25 mM glucose. As shown in Figure 1 , calcium influx and insulin secretion are triggered after about 13 minutes of perifusion, corresponding to 6 mM glucose. Changes in Mitochondrial potentials are seen earlier as expected, at about 11 minutes. This data demonstrates the advantage of using this microfluidic network to characterize islet physiology. 
Discussion
Traditional islet perifusion systems (macroscale and microscale) have some limitations including complex of setup and design, high technical requirements, and difficulty to create user-prescribed chemical gradients in the system. The microfluidic perifusion system described here overcomes these limitations with simple geometry of design and fabrication. More important, this system can be integrated with fluorescence imaging approach that provide as a unique tool to study islet physiology. The system demonstrated with high signal-noise ratio and spatial-temporal resolution of these fluorescence signals. The current prototype device also can hold multiple perifusion setups in one chip and provide different types of microenvironments for widespread application purposes.
